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4The Atomic Weight of Tantalum
I - Introduction
Among the investigations on the atomic weight of
Tantalum, no satisfactory agreement has "been attained. In 1906
Hinrichsen and Sahlborn published five determinations of the
ratio, 2 Ta : TstgOg1 \ but with a variation amounting to more
than a unit in the atomic weight. And yet, up to that time,
it was without doubt the most accurate determination. In 1910
Bailee published a series of eight determinations of the ratio,
2 )
2 TaCl5 :TagO 5 , in which he obtained an average of
181.5 ±0.098 for the constant, and in the following ytear
Chapin and Smith, in a series of eight determinations of the
z )
ratio, 2 TaBr5 :Ta2 05*'
y
,
obtained 181.8 ± 0.199.
Since both Bailee and Chapin and Smith must have ha&
a very pure salt, and since ifts conversion to the oxide
is attended with very little manipulation, it would seem that
the principle involved is at fault. The object of this
investigation, therefore, was to study the ratios, 2 TaCl TTagOg
and TaCl5 : 5 Ag, with respect to their values for the
determination of the atomic weight of Tantalum, as well as to
establish a more accurate constant, if possible.

II - Preparation of materials.
5
Chlorine .- The chlorine used throughout this investi-
gation was prepared by allowing hydrochloric acid to drip
upon potassium permanganate contained in a large flask. The
acid used was prepared by distilling the constant boiling
mixture from a large Jena retort. Small quantities of
potassium permanganate were put in during the first part of
the distillation, and the first portions of the disrtillate
were rejected. The chlorine was passed through three towers
filled with glass beads. In the first tower the beads were
kept moist with water; in the other two , concentrated sulphuric
acid was allowed to drip from time to time. In order to
remove the last traces of moisture, the chlorine was finally
passed through a tube about a half meter long containing
glass wool interspersed with phosphorus pentoxide which had
previously been resublimed. In order to make sure that the
chlorine would not be contaminated with phosphorus pentoxide,
the gas was passed for some time through the above drying
train into water, which was subsequently tested for phosphorus.
None was detected.
Sul'ohur :.tono chloride . This compound was prepared by
passii'-g a stream of chlorine over molten sulphur, which had
been twice recrystallized from carbon disulphide. The appara-
tus was constructed in such a way that the sulphur mono-
chloride could be redistilled directly from the receiver. The
first portions of the distillate were rejected, and the final

6product distilled directly into sealing bottles, which had
been dried by passing a current of dry, filtered air through
them.
Nitric acid,
. The nitric acid used v/as distilled from
a quartz distilling flask, the middle third being collected
in a quartz receiver and retained for use,
Water
. The ordinary distilled water was redistilled,
after the addition of alkaline permanganate, from the still
used in this laboratory for conductivity water.
Tantalum Chloride . Potassium fluotantalate which had
been prepared for an earlier investigation was used as a
starting point for the preparation of tantalum chloride.
The fluotantalate was treated in a platinum dish with sulphuric
acid which had been distilled from quartz, slowly heated
until all the hydrofluoric acid fclad disappeared, and sulphuric
acid fumes had begun to come off freely. The mixture was then
evaporated to dryness, transferee! to a large rubber dish,
and washed by decantation with large amounts of water.
The apparatus used for the preparation of the chloride
is shown in Fig. I. About 30 grams of tantalum oxide were
ignited in a quartz crucible, placed in the tube, F, by
means of a funnel through D, and the apparatus was sealed
together at B, D, H, and L, so that it formed a continuous
piece of glass through 0. A stream of chlorine was passed
through the apparatus by means of the tube,A,for several
hours, the entire apparatus being warmed with a free flame
from time to time in order to remove any trace of moisture



8that might be present. Sulphur monochloride w$s then intro-
duced into the bulb, E, through c, and heated to boiling; the
oxide, at the same time being heated to a temperature just
below the softening point of the glass. The tantalum chloride,
formed, together with the excess sulphur monochloride,
collected in bulb, I. TVhen all the oxide had been converted
to c'loride, the excess sulphur monochloride was driven through
the apparat>.£ and collected in 0. The tantalum chloride was
then distilled into K and the apparatus sealed off at J. The
two-way stop-coclc, A, was then turned so that chlorine
passed through G. The tantalum chloride was then heated to
boiling, and kept at nearly that temperature, while the
remainder of the apparatus was heated so that any remaining
sulphur monochloride and some tantalum diiloride were driven
into 0. The apparatus 7;as then sealed off at P, and, after
cooling, at H.
Considerable difficulty was encountered during the
process of distilling off the excess sulphur monochloride
on account of a tendency of the mixture to explode. The force
of these explosions varied considerably. Sometimes only a
slight flash was noticed, but on several occasions the whole
apparatus was destroyed. The explosions seemed to occur more
frequently when the sulphur monochloride was practically all
distilled over, and the temperature raised to the boiling
point of the tantalum chloride. It was also noticed that
their occurrence depended on the rate at which the chlorine
was passed through the apparatus during the formation of the

9tantalum chloride. The more rapid the current, the less
danger was there of an explosion. The cause of these ex-
plosions was not definitely determined, though it seems
probable that they are due to a spontaneous combustion of the
free sulphur which was always present in the mixture when a
rapid current of chlorine was not kept up.
In order to replace the chlorine with dry air, the tip,
N,was broken off, and quickly attached, by menas of rubber
cement, to a glass tube leading through a two-way stop-cock
to two phosphorus pentoxide tubes, the bulbs, M, being
previously heated in order to prevent the entrance of air
when the tip, N, was broken off. The apparatus was then evacuated
by means of a good water pump attached to one of the pentoxide
tubes. The two-way stop-cock was then turned, and air
allowed to enter slowly through the other pentoxide tube, to
which a wash bottle containing sulphuric acid had been
attached. This process was repeated until all of the chlorine
was replaced by dry air. The tantalum chloride was then
heated to the boiling point, while air 7/as being drawn slov^ly
from the apparatus. After cooling, the evacuation process
was continued for two or three times, after which the tantalum
chloride was distilled into the small bulbs, M, and each
sealed off for analysis. The chloride in these bulbs was
pure white.
Silver . Chemically pure silver nitrate was recrystal-
lized three times from nitric acid, and reduced with ammonium
formate which had been prepared by distilling ammonia gas
i
10
into redistilled formic acid until neutral or slightly acid.
It was then fused in porcelaim crucibles lined with pure
oarbon4 ' in an electric furnace. The fused silver was cleaned
with sand, etched with nitric acid, and carefully washed.
The cleaned metal was then dissolved in nitric afcid and
again reduced with ammonium formate. This was washed by
decantation, dried, and fused in porcelain crucibles lined
with pure lime5 ^ in an electric furnace. It was then care-
fully cleaned with a bristle brush, etched with nitric acid,
and electrolysed, using a pure silver cathode, the silver
prepared above as anode, and silver nitrate made by dissolving
some of the fused silver in nitric acid as the electrolyte.
This electrolytic silver was carefully washed, dried, and
again fused in pure lime-lined boats in a tube furnace,
through which was passed hydrogen prepared from zinc and
hydrochloric acid and purified by passing through wash bottles
containing alkaline permanganate, silver sulphate, caustic
potash and finally through tubes containing heated platinized
quartz and giiss wool interspersed with phosphorus pentoxide.
Silver prepared in essentially this manner has been shown by
Richards6 ^ to be pure.
Sodium chloride . Chemic ally pure sodium chloride was
dissolved in water, filtered, precipitated three times with
hydrogen chloride, then recrystallized from water, dried and
fused in a platinum crucible in an electric furnace.
Sodium hydroxide . The sodium hydroxide used in the
absorption flask was prepared by electrolysing a solution of
Kahlbaum's sodium hydroxide, using a silver anode and a
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mercury cathode, arranged according to the manner of the
Castner-Kellner process. This v;as found to contain no chloride
wher. tested in the nephelomcter
.
firfllfllluoric acid . The ordinary C. P. hydrofluoric
acid was distilled after the addition of small amounts of
silver nitrate and potassium hydroxide. A platinum still and
receiver were used, and the middle portion was retained for
use. The acid treated in this way was found to be free from
chloride and silica when tested with silver nitrate.
Tantalum oxide
. Tantalum oxide free from chloride was
prepared by once crystallizing the potassium fluo tantalate
from pure water to which had been added a small amount of
hydrofluoric acid prepared as above. The recrystallized salt
was then dissolved and evaporated with sulphuric acid on the
steam bath, and finally over a free flame until fumes of
sulphuric acid came off freely. The oxide thus obtained was
tested for chloride by dissolving it in water, using just
enough hydrofluoric acid to obtain a clear solution, adding
silver nitrate solution and allowing to stand for a couple of
days. No precipitate could be detected. Platinum vessels were
used throughout. It was found that nephelometric tests could
not be made, owing to the fact that the acid even at the
dilution (1:50) etched the glass enough in from five to ten
minutes to give a distinct opalescence with silver nitrate.

Ill - Experimental.
Ratio, - 2 TaClglTagOg. In order to test this ratio
the sublimed chloride was transferred from the sealed bulbs
to the weighing flask, Fig. 2. The transfer in this and all
succeeding experiments was made as follows: By means of a
knife and a hot file, a crack was «as drawn about two-thirds
arounfi the neck of the bulb containing the chloride. This,
together with the weighed flask, into the mouth of which had
been inserted a wide necked funnel, was introduced into an
air tight box, provided with a removable glass top and a
pair of rubber gloves fitted into two holes in the sides of
the box. In order to insure a perfectly dry atmosphere,
dishes containing pumice stone moistened with sulphuric acid
were kept in the box, and a stream of dry filtered air was
passed through it for several hours before the transfer was
made. By slipping the hands into the rubber gloves it was
possible to break the neck off the bulb and transfer the
chloride to the y-eighing flask without soiling the neck of
the flask. After replacing the stopper, it was removed from
the box and again weighed.
The flask was then connected through an absorption
train to an aspirating bottle in such a way than a slow
current of moist air was drawn through it for several hours.
Then water and a few drops of nitric acid were added and the
tantalum oxide evaporated to dryness. The evaporation was
repeated two or three times, after which the oxide v/as ignited
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Fig. 2
A f B t and C are of fused transparent eilioa.
D,D,D',D" t oarafully ground .joints.
Caps, E,
E
!
f and tubes, F,^', are made of soft apparatus glass.

14
to bright redness. This was done by mer-ns of an electric
resistance furnace, made by winding nichrome wire around an
unglazed porcelain cup and insulating with powdered magnesia.
By use of a rheostat, the temperature was gradually increased
to the desired point. During each ignition a very slow current
of dry filtered air was passed through the flask.
Three determinations were made in this way, but in no
case could a constant weight be obtained, though in one case
sixteen ignitions of about two hours each were made. On
close examination, a fine deposit was found in the exit tube,
which showed that some of the oxide was being lost, either by
volatilization or by being mechanically carried over by
the slow current of air that was passed through the flaslt.
The later seemed more probable. In order, however, to test
this point, two more determinations were carried out in the
same way, with the exception that no air was passed through
the flask after evaporation to dryness. In the first, after
eight ignitions of a half hour each, a fairly constant weight
was obtained, but on examining the exit tubes a fine deposit
was quite noticeable. In the second, nineteen ignitions of
a half ho '.at each were made, without obtaining a constant
weight. The loss during any one ignition varied from a few
hundredths to almost a whole milligram. The total loss after
the first two ignitions was 3.34 rags. A fine deposit was
found in the exit tubes in this determination also.
The results of these two series showed quite conclu-
sively that it would be impossible to obtain a satisfactory
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ratio by trying to hydrolyse the chloride and ignite to the
oxide, since the results depended wholly on the time of heating,
a fact which might have escaped detection if the weighing
flask had not been supplied with horizontal exit tubes.
Attention was next turned more directly to the ratio between
the tantalum chloride and silver.
Ratio, - TaCl5 :5 Ag.- When the present investigation
was begun, it was thought that it might be possible to
obtain the chloride-oxide ratio and the chloride-silver ratio
from the same sample of tantalum chloride. With this in view,
the quartz weighing flask was designed. The apparatus first
used for the analysis was the same as that described above.
The tantalum chloride was hydrolysed in the quartz flask, Fig.
2, and the hydrochloric acid drawn into a liter flask where
all but the last traces were absorbed. In orfer to prevent
the escape of any acid, a series of twelve small bulbs was
attached to the large absorbing flask. These were arranged
with a gentle slope so that the gas was forced to bubble
through the liquid in each of the bulbs. A solution containing
a little in excess of the calculated amount of sodium hydroxide
to react with the hydrochloric acid was placed in the absorb-
ing train. As a final guard against loss of chloride, a bulb
was sealed to the absorbing train in such a way that the
liquid in it could be removed and tested for any hydrochloric
acid that might escape absorption. The analysis was made in
a three liter Erlenmeyer flask, by precipitation with a weighed
amount of silver dissolved in nitric acid. The nephelometer
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was used here, and in all succeeding analyses with silver to
obtain the final end point. Standard solutions of silver
nitrate and sodium chloride were used for this purpose.
In table I are the results obtained in the analyses
that were carried to completion without the known loss of
hydrochloric acid. Ag - 107.88, CI - 35.46, NaCl : Ag - .54185.
Table I.
Ag.equiv. 100 parts Atomic
No. VTt.TaCl5 Wt^Silver added from Total TaCl5equiv, Wt.
.( vac ) C vac .) fiOlu-Mnr, Si Ivrt t.n p;^ , Ag
5 11.65795 17 . 52140 -0.00805 17.51344 66.622 132.06
9 7.61393 11.43323 -0.00743 11.42585 66.638 182.14
11 4.09519 6.14670 0.00977 6.15647 66.518 131.50
12 8.09039 12.14263 0.02355 12.16528 56.498 181.40
The poor agreement was thought to be due to the
amount of manipulation necessary for the transfer of the
solution from the rather extended absorption train, since in
none of these did any hydrochloric acid reach the test bulb.
To obviate this difficulty it was determined to carry out the
whole process of hydro lysing the tantalum chloride, and dis-
tilling off the hydrochloric acid in a sealed apparatus under
reduced pressure. In order to determine the possibility of
completely hydrolysing the tantalum chloride under these
conditions, the following experiment was carried out.
A weighed amount of pure sodium chloride was suspended
in a glass weighing bottle above sulphuric acid solution (1:1)
in a 500 cc distilling flask, which was sealed by means of a
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glass tube to another flask, used as a receiver. In the
receiver was placed the calculated amount of pure sodium
hydroxi-e to neutralize the hydrochloric acid formed. The
neck of the reaction flask was then sealed off, the receiver
connected with a good water pump, and the whole apparatus
evacuated and closed by sealing the capillary connection
between the receiver and the pump. By tipping the apparatus
slightly, the bottle containing the sodium chloride was dropped
into the acid solution. The hydrochloric acid formed was then
distilled over into the receiving flask where it was absorbed
by the alkali. One determination made in this way gave 0.54189
for the ratio NaCl : Ag, which agrees very well with Richards' 7^
average value, 0.54185. Two or three grams of tantalui oxide,
free from chloride, were next placed in the reaction flask
with the sodium chloride and the' analysis carried out as
before. Repeated distillations, however, failed to remove all
the hydrochloric acid, though it was finally evaporated to
dryness twice, after moistening with one or two cc of H2SO4
each time.
From this it was evident that the hydrochloric acid
could not be completely removed from the tantalum oxide at the
temperature of boiling sulphuric acid. Therefore, a second
analysis of sodium chloride in the presence of tantalum
oxide was made as before, with the exception that the residue
obtained by twice evaporating to a syrupy consistency with
sulphuric acid was transferred to ar platinum dish, by rinsing
out the flask with as little water as possible. Enough hydro-
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fluoric acid was then added to form a clear solution, and the
chloride determined by adding an excess of silver nitrate,
and comparing the opalescence to that of standard sodium
chloride solutio.11 treated in the same manner. The value ob-
tained for the ratio, NaCl : Ag was 0.54211, a difference of
0.00026 from Richards 1 average value. A great deal of diffi-
culty was encountered in transferring the residue from the
reaction flask, on account of the fact that it formed with the
sulphuric acid a mass of gummy particles which clung so tltghtly
to the walls of the flask that it was impossible to remove
all of it. This undoubtedly would account for a part of the
difference, indicating that at leas ; Ihe principle involved
in the method could be used.
Not yet satisfied, however, that the silver nitrate
would not form an insoluble compound with the tantalum under
these conditions, a sample of tantalum oxide, free from
chloride, was dissolved in hydrofluoric acid, and silver
nitrate was added. Ho opalescence appeared within twelve hours.
The results obtained by this series of experiments
showed that it is possible to determine the chloride by pre-
cipitation with silver nitrate in the presence of tantalum
fluoride if enough hydrofluoric acid is used to hold the
tantalum in solution. If too little hydrofluoric acid is
used, however, the silver forms an insoluble tantalate.
A suitable apparatus in which the above reactions
might be carried out, was yet to be obtained. Platinum was of
course the most desirable, both on account of its inactivity
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with hydrofluoric acid, and its strength. Accordingly , a
platinum Erlenmeyer flask, having a capacity of about one
and three-fourths liters, and fitted with a platinum stopper,
together with a small platinum weighing bottle, was purchased
by the University for this work, for which the author wishes
to express his sincere appreciation, for without it the
work could not have been satisfactorily completed.
The method of analysis was as follows:- The weighed
platinum bottle, together with a bulb containing the puri-
fied tantalum chloride was placed in the dry box, and the
transfer made as described above. The stopper, also of
platinum, was carefully replaced in the bottifc, and the whole
transferred to the balance and weighed. One of Ruprecht's
best balances was used throughout the investigation, and the
weights were carefully standardized. All weighings were made
by substitution, using a platinum crucible of approximately
the same weight as the bottfci for tare. Sufficient pure water
to make an approximately fifth normal solution with the tan-
talum chloride, and enough hydrofluoric acid to dissolve the
tantalic acid, were placed in the platinum flask and warmed
to a temperature slightly above that of the surrounding atmo-
sphere. The stoppered bottle was then dropped into the solu-
tion, and the flask quickly closed. The warm solution soon
caused an expansion of the air within the bottle, sufficient
to force the stopper out and allow the hydrolysis of the
tantalum chloride to take place. The calculated amount of
silver to precipitate the chloride was weighed out to within
one or two milligrams, dissolved in nitric acid, (I'D, and
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the solution made up to about fifth normal. Enough nitric
acid wat; used in each case, so that there would be a slight
excess. The silver nitrate solution was then poured slowly
into the chloride solution, while the latter was being gently
agitated. After a complete transfer of the silver nitrate,
the flask was shaken for some tine to insure a thorough mixing,
and ther. allowed to stand until the next day, when a sample
of the clear supernatant liquid was removed for a nephelo-
metric test. Before removing the sample, the flask and con-
tents were cooled with ice, to reduce the solubility of the
silver c&loride. The transfer was made to platinum crucibles
by means of a pipette coated with pure paraffin. Excess of
silver nitrate was added to one, and sodium chloride to the
8 )
other, after which they were allowed to stand for about eight
hours, before the nephelometric readings were taken.
considerable difficulty was encountered in obtaining
nephelometric tubes that would be sufficiently transparent
and yet resistant to the action of the hydrofluoric acid.
The ordinary glass tubes were coated with paraffin, collodion,
etc., but wixh little success. It was found that they either
diffused the light,©* dialysed too readily. Finally, how-
ever, tubes were constructed by cementing together the edges
of strips of celluloid, and closing the ends of the cylindri-
cal tubes thus formed with carefully cleaned rubber stoppers.
These tubes were found to be very satisfactory. In table II
are the results of all analyses completed by this method.
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Tatle II.
CI ^ 35.46 NaCl I AG - 0.54185 Ag - 107.38
Exp.Pref^f
tion ' vac J
7,'t.of
Silver
( vac )
As equiv.
added from Total
solution Silver
100 pts.of
TaClsequiv Ax.
to partsAg T/t.
1 I 3 . 526u5 5.31142 0.00692 5.31834 oo. 453 131.54
4 II 2.99083 4.50044 -0.00193 4.49851 66.485 181.32
6 III 6.21118 9.34424 -0.00079 9.34345 66.476 131.27
In this series a total of 12.73806 grams of tantalum
chloride rere used, requiring 19.16030 grams of silver for
precipitation, which gives 131.30 for the atomic weight of
tantalum.
prom the results obtained in this investigation on
the chloride-oxide ratio, it was shown that the value depended
wholly on the time of heating. In order to determine more
satisfactorily the reason for this, the following experiment
Ttas carried out. A sample of tantalum chloride was carefully
hydrolysed, and evaporated with nitric acid two or three
times, and finally ignited in the quartz flask, Pig. 2, for
two houts in the electric furnace. A sample of the resulting
oxide was then removed from the flask, and fused with
potassium pyro sulphate. The gases present in the mixture were
at the same time conducted into a solution of silver nitrate.
No opalescence in the silver nitrate was detected, though the
fused oxide was boiled for some time after a clear fusion
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had beer, obtained. F*om this it was assumed that the tantalum
oxide contained no chloride. The remainder of the tantalum
oxide in the flask wat weighed and ignited for two-hour
periods. The following weights were obtained, 1.2256, 1.2241,
1.2240. a little nitric acid Y/as then added and the mixture
evaporated to dryness, and ignited for one-hour periods.
The weights were as follows:- 1.22440, 1.22407.
The results of this experiment together with the
fact that in the earlier investigation, a fine white deposit
was always found in the exit tubes on ignition, shows that
tantalum oxide is certainly lost during ignition, and also
that it occludes a part of the nitric acid, giving it up, if
at all, only after long ignition. Ruff and Schiller have shown
that when -tantalum oxide is ignited with sulphuric acid, a
part of the acid is held, even after repeated ignitions9 ^.
All this, of course, means that any method which involves the
ignition and weighing of tantalum oxide cannot be used for
accurate work.

iv summary.
1. In five determinations of the ratio 2TaCl5 :Ta2 5 ,
the tantalum chloride was hydro lysed, evaporated with small
aemounts of nitric acid, and finally ignited, but a constant
weight could not be obtained. A fine white deposit was in
each ca^e found in the exit tubes of the ignition flask.
2. In four determinations of the ratio TaCl5 .*5Ag,
the hydrochloric acid obtained by the hydrolysis of the
tantalum chloride was drawn into an absorption train contain-
ing sodium hydroxide, and the chloride precipitated with a
-eighed amount of silver dissolved in nitric acid. The very
poor agreement in the vlaues obtained was thought to be due
to the difficulty of transferring the solution from the rather
extended absorption train.
3. An attempt was made to remove the hydrochloric
acid from the tantalum oxide by distillation with sulphuric
acid under reduced pressure, but without success. A sample of
sodium chloride in the presence of tantalum oxide was analy sed
for chloride by distilling with sulphuric acid, then removing
the residue, dissolving it in hydrofluoric acid, and deter-
mining the chloride in each by precipitation with silver. The
result obtained indicated that the principle involved could
be used for the determination of the atomic weight.
4. Tantalum chloride was dissolved in water, contain-
ing sufficient hydrofluoric acid to keep the tantalum in
solu+ion, and the chloride was precipitated with silver
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An average of three determinations cave 131.30 for the
atonic -eight of tantalum.
5. The facts brought out in this investigation indi-
cate that tantalum oxide is slightly volatile, that it re-
tains a part of the nitric acid even after long ignition,
and therefore that its use in the determination of the atomic
weight of tantalum is subject to serious objection. It seems,
however, that the ratio, TaCl5 :5Ag , can be obtained directly
if hydrofluoric acid is used to keep the tantalum in solution.
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